INTRODUCTION
============

When two or more consecutive posterior teeth are missing, is it possible for each tooth to be separately restored by single tooth implant? Splinting multiple implants to replace consecutive teeth has been thought to help in distribution of functional loads and therefore reduce marginal bone loss.[@B1] However, single-tooth implant restoration has shown predictable long-term results.[@B2]-[@B4] In addition, separate single-tooth implants are advantageous in aesthetics and passive framework fit while splinted implants effectively distribute functional loads.[@B5]-[@B7]

Improvements in implant design and surface, such as frictional implant-abutment connection, microthreading, and rough surface, help to reduce marginal bone loss around the implant.[@B8]-[@B11] Because of the improvements, single-tooth implant restoration has shown optimally maintained marginal bone levels although more harmful loads are given to the single implant.[@B12]-[@B15] Also, the development of recommended torque and change of implant-abutment interface design have decreased the frequency of screw loosening, which was one of the major complications in single implant restoration.[@B12],[@B16],[@B17] Such biomechanical advancements implying splinted restorations can be replaced with separate single-tooth implants, which are more suitable for aesthetics and passive fit.

However, there have been only a few studies reporting the clinical results in multiple single-tooth implant restorations.[@B1],[@B5],[@B15] Although those studies showed excellent clinical results, the number of the studies is still insufficient. The implants used in this investigation (Inplant™, Warantec, Seoul, South Korea) also have the characteristics of microthreads, rough surface and friction connection at the implant-abutment interface that are considered adequate for separate single-tooth implant restoration. There has been no study about the clinical outcome of such restoration using these implants.

The purpose of this prospective cohort study was to evaluate the periodontal and prosthodontic complications of consecutive freestanding implants in the posterior jaws for up to 1 year of function.

MATERIALS AND METHODS
=====================

This prospective study was intended for the subjects with two or more consecutively missing teeth in the posterior quadrants and planned to be restored by multiple single-tooth implant restorations. From November 2008 to March 2010, 16 volunteers received 45 implants and implants with more than 6 months of loading were selected for this investigation. This study included smokers, the patients with hypertension or diabetes mellitus who were well controlled under medication. The patients with any other systemic disease that was likely to compromise implant survival were excluded.[@B18] The study population eventually consisted of 8 patients (3 men and 5 women) with a mean age of 45.6 years (range of 32 - 59 years) at implant placement. Their descriptive data are summarized in [Table 1](#T1){ref-type="table"}. Informed written consent was obtained from all subjects following approved institutional review board guidelines for clinical research.

Two or more implants were consecutively inserted to the healed sites in patients\'posterior jaws. Local anesthesia was given before implant surgery. A crestal incision and a releasing vertical incision were made at the surgical site and mucoperiosteal flaps were elevated. Implants were inserted according to manufacturer\'s recommendation. Top of the inserted implant was at the equicrestal level and insertion torque was over 30 Ncm. The cover screw was used to cover the fixture-abutment connection part of the implant. If the threads of the implants were exposed, the exposed site was grafted with alloplast bone powder (MBCP, Biomatlante, Bretagne, France) and absorbable collagen membrane (Bio-Gide, Geistlich Pharma AG, Wolhusen, Switzerland). At the second staged surgery, the cover screws were removed and healing abutments were connected. The final impression was taken and the separate single-tooth restorations were delivered after 3 months of implant insertion. The permanent restorations were cement-retained. Every single restoration was permanently cemented (GC FujiCEM, GC Corporation, Tokyo, Japan). Metal-ceramics or zirconia-ceramics were the materials for the final restorations. The mutually protected occlusion was applied to avoid unfavorable loading.

Control visits were scheduled at 3, 6, and 12 months after prosthetic restoration for the first year. Manual pressure was applied to the implant-supported restoration to rule out the presence of mobility at each appointment. Probing depth and thread exposure were also recorded to assess the peri-implant soft tissue condition at every follow-up examination. Observed periodontal and prosthetic complications, including gingival swelling and screw loosening, were recorded at each visit.

The radiographs were taken perpendicular to the long axis of the implants with a long-cone parallel technique. The crestal bone level was measured from the fixture-abutment interface to the first visible bone-to-implant contact (BIC). The authors calculated the change in the crestal bone level using the original dimension of the inserted implants. The pitch distance between macrothreads of Inplant™ was 0.9 mm. The true crestal bone level was calculated through the proportional expression using the actual and radiographically measured values of the macrothread pitch ([Fig. 1](#F1){ref-type="fig"}). The crestal bone level at the time of delivery of the final restoration was regarded as a baseline. The marginal bone loss was defined as the difference between the true crestal bone levels at the baseline and each appointment. It was measured at both the mesial and distal aspects of each implant.[@B19] A single investigator performed the radiographic analysis.

RESULTS
=======

From the 20 inserted implants, 45% (n = 9) were placed in the maxilla and 55% (n = 11) in the mandible. Sixty five percent (n = 13) of all the prosthetics were zirconia-ceramic crown while 35% (n = 7) of them were metal-ceramic. Fourteen implants were loaded for 6 months and rest of the implants for 1 year. The mean function period was, therefore, 7.8 months. No implant was recorded as failure during the observation period, resulting in the implant success rate of 100% after loading.

In all cases, mobility and thread exposure were not detected. One implant, which was inserted at maxillary right second molar area, showed an increase in probing depth by 2 mm without any clinical signs and symptoms. Another implant, which was inserted at maxillary left second molar area, the probing depth was decreased by 1 mm.

There were no periodontal complications reported during the observation period. No patient suffered from pain around the inserted implants. There was no screw loosening in all of the cases. A slight porcelain chipping was found on a maxillary right second molar metal ceramic crown at 6 months of loading.

[Fig. 2](#F2){ref-type="fig"} shows the mean of the marginal bone loss data acquired from the radiographic evaluation and proportional expression, as mentioned above. The marginal bone around the implants was resorbed after 6 months of loading. However, a small amount of bone was gained after 1 year. The mean marginal bone loss was 0.05 mm at the mesial side of the implant, and 0.12 mm at the distal side after 6 months of loading. The mean marginal bone gain after 1 year was 0.18 mm at the mesial side, and 0.11 mm at the distal side.

DISCUSSION
==========

The purpose of this study was to evaluate the clinical results and marginal bone changes between multiple freestanding implants in the posterior jaws functionally loaded for 6 months to 1 year. The clinical outcome of this prospective study indicates that such multiple freestanding restorations may lead to excellent results, at least in short term. Results of the present study correspond with the results of earlier study by Norton1. He evaluated marginal bone loss between multiple freestanding implants functionally loaded for up to 7.5 years in the posterior jaws, concluding that Astra Tech implant (Astra Tech AB, Mölndal, Sweden) performed extremely well in that situation. Besides, in full arch rehabilitation, potentially higher patient satisfaction with single-implant restorations was reported, compared with splinted fixed prostheses, because of the close similarity between the final restorations and the patient\'s prior natural dentition.[@B21]

The results of the present study in marginal bone loss were similar to those of the previous, which reported the mean marginal bone loss of the splinted implants as 0.18 mm after 1 year of loading.[@B22] It seems that microthreaded neck of Inplant™ decreases the peak interfacial shear stress on the cortical bone and contributes to maintaining the bone level.[@B23] However, cumulative bone level according to the observation time after loading was not typical. Another previous study showed that the majority of the bone loss occurred early in the loading period regardless of implant neck design,[@B24] while a small amount of marginal bone gain was observed in this investigation at 1 year of loading. Such a result was hard to interpret and to ascertain what might be the cause. Further long-term follow ups are needed.

No periodontal complications were reported in this investigation. However, with respect to prosthodontic complications, there was 1 case of slight porcelain chipping. It occurred 6 months after loading on maxillary right 2^nd^ molar region. The patient was a 60-year-old female. The implant was restored with metal-ceramic crown. The natural mandibular right second molar tooth was opposite to the restoration to make an occlusion. There was no occlusal contact on the left side of the arch due to missing of the left molars. Therefore, unilateral mastication was considered to be the contributing factor to the chipping. Another causative factor could be long clinical crown length of this restoration, which is shown to be one of the causes for porcelain fracture.[@B24]

CONCLUSION
==========

Separate single-tooth implant restorations to replace consecutive teeth may clinically perform well in the posterior jaw, although the sample size was small and the observation period was short in this investigation. Long-term clinical studies with larger sample size are required.

![Possible distortion was accounted from the true dimension of the implant. The proportional expression to calculate the amount of marginal bone level change is shown on the upper left part of this figure (a: distance between fixture-abutment interface and the first visible bone to implant contact measured from radiograph b: pitch distance measured from radiograph x: assumed amount of real bone change, 0.9: pitch distance between macrothreads).](jap-2-54-g001){#F1}

![The means of marginal bone loss were measured at 3, 6, and 12 months after loading. The negative value means marginal bone loss, the positive value and marginal bone gain.](jap-2-54-g002){#F2}
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